Abstract-
I. INTRODUCTION
The electrical power system can be divided into three main parts which are generation, transmission and distribution [1] . The transmission system of Malaysia transmits with three different voltage levels, which are 500kV, 275kV and 132kV [2] . When high voltage is transmitted by using transmission line, it will generate an electromagnetic field around the energized conductors. If under the transmission line have a pipeline, this will cause inducing voltages and currents in the pipeline. This is known as coupling. Generally, there are three mainly coupling mechanisms which cause inducing voltages and currents in pipelines are concerned with the power utility companies and customers in Malaysia which are:
a. The electrostatic coupling mechanism, also known as capacitive coupling, is the mechanism which the induced voltages are generated by an electrostatic field surrounding the energized conductor. b. The electromagnetic coupling mechanism, also known as transformer action, is the mechanism which the induced voltages are generated by the cut of an induced electromagnetic field of transmission. c. Resistive coupling, is known as conductive coupling, is the mechanism which concern about when there has a fault condition on the overhead power system [3] [4] [5] [6] . The magnitude of induced voltage with or without fault condition can be calculated by using complex formula. For calculationg induced voltage without fault condition, the shielding wire will reduce the mutual impedance between the transmission line and the pipeline. If the mutual impedance angle changing, this will cause higher induced voltage on the tested pipeline [7] .
When there has a fault condition on the existing shielding wire, this will reduce the induced voltages impacts on the pipeline due to its shielding factor, K. Different types of the shielding wire will have different K which will lead to different impact on the pipeline [7] .
Besides, the magnitude of induced voltage will affect by some factors which are the distance between the transmission tower and pipeline, the amount of current, the soil resistivity and the phase sequence of the currents [8, 9] . This induced voltage issues may result some hazards to the transmission system and the pipeline. The risks of damage the coating of the pipeline and the pipeline, the risk of damage the electronic equipment connected by pipeline or the equipment used in catholic protection and the safety problem when there have people contact with the pipeline are some of the hazards of this issues [4, 10] .
The objectives of this research are: a)
To determine on the electromagnetic fields associated with transmission line around underground pipelines b)
To evaluate on the induced voltage due to transmission line along underground pipelines and to study on the appropriate protection system 
II. METHODOLOGY
The study was performed by using ANSYS Maxwell software. Maxwell is a high-performance interactive software package that can solve three-dimensional (3D) electric, magnetostatic, eddy current and transient problems by using finite element analysis (FEA). Figure 1 shows the geometry of the study. The 275kV monopole transmission tower and pipeline for transport petroleum are chosen in the modeling process. The pipeline is API 5L X52, a standard pipe grade specified in API (American Petroleum Institute) specification 5L. The pipeline is made of steel with 0.3048m outer diameter with 0.061m of wall thickness and its external coating thickness is 0.01m. The pipeline is buried in 1m underground. The soil resistivity is the major limitation of this research. This is because the soil may have multi-layered, but in this research, the soil is assumed to be one layer soil with the height 3 meters which soil resistivity is 1.0. The magnitude of faults current is 40kA with 1GHz, while the magnitude of lightning current is 30kA with 1 GHz. Both frequencies are set to the same is for comparison purpose. The study is simulated for 3 cases, which are:
with shielding wire above pipeline with 30cm distance (to protect pipeline) *d = the distance between the transmission tower and pipeline
III. RESULT AND DISCUSSION
A. Case A Figure 2 and Figure 3 show the induced voltage profile and induced current profile of the pipeline in case A under nominal voltage parameter. Table 1 and Table 2 show the maximum and minimum value of induced voltage and induced current of the pipeline for case A under nominal voltage parameter. Tables 1 and 2 , the left hand side of the pipeline has the maximum induced voltage (46.3820V) and the maximum induced current (6.3429 x 10 -7 ), while the right hand side of the pipeline has the minimum induced voltage (31.8880V) and the minimum induced current (4.3607 x 10 -7 A). This is because the left hand side of the pipeline is closer to the tower. Besides, the coatings can completely protect the steel of the pipeline. The maximum induced voltage in the steel of the pipeline is 2.6089V which lower than the maximum acceptable induced voltage in IEEE 80-2000 standard (15V). Thus, it is acceptable. Figures 4, 5 and 6 show the magnetic flux density profile of pipeline in case A under nominal voltage parameter, fault current parameter and lightning current parameter. Table 3 shows the maximum magnetic flux of coatings and steel in case A. Table 3 , the magnetic flux of coatings is the highest under fault current parameter. This is because the magnetic flux is depends the magnitude of the current. While, the magnetic flux of coatings is the lowest when under lightning current parameter because each tower consist of shielding wire which can lead all lightning current to the ground and protect the transmission line. The magnetic flux of steel can be neglected. This proves that it is fully protected by its coatings.
B. Case B
Figures 7 and 8 show the induced voltage profile and induced current profile of the pipeline in case B under nominal voltage parameter. Table 4 and Table 5 show the maximum and minimum value of induced voltage of the pipeline for case B under nominal voltage parameter. A), while the right hand side of the pipeline has the minimum induced voltage (41.823V) and the minimum induced current (4.9023 x 10 -7 A). This is because the left hand side of the pipeline is closer to the tower. By comparing both cases A and B, the voltage induced in case A is higher than case B. This is because the distance between the transmission tower and pipeline decrease from 100m to 30m. Thus, the effect of the electromagnetic field increase. Besides, the coatings can completely protect the steel of the pipeline. By comparing both cases A and B, the voltage induced in case A is higher than case B. The maximum induced voltage in the steel of the pipeline is 4.7723V which lower than the maximum acceptable induced voltage in IEEE 80-2000 standard (15V). Thus, it is acceptable.
Figures 9, 10 and 11 show the magnetic flux density profile of pipeline in case B under nominal voltage parameter, fault current parameter and lightning current parameter. Table  6 shows the maximum magnetic flux of coatings and steel in case B. Table 6 , the magnetic flux of coatings is the highest under fault current parameter. This is because the magnetic flux is depend the magnitude of the current. While, the magnetic flux of coatings is the lowest when under lightning current parameter because each tower consist of shielding wire which can lead all lightning current to the ground and protect the transmission line. The magnetic flux of steel can be neglected. This proves that it is fully protected by its coatings. By comparing Tables 3 and 6 , the magnitudes of magnetic flux of Table 6 are higher than Table 3 because the distance between transmission tower and the pipeline decrease and the effect of the electromagnetic field increase. Figures 12 and 13 show the induced voltage profile and induced current of the pipeline in case C under nominal voltage parameter. Tables 7 and 8 show the maximum and minimum value of induced voltage of the pipeline for case C under nominal voltage parameter. Tables 7 and 8 , the left hand side of the pipeline has the maximum induced voltage (94.435V) and the maximum induced current (1.2914 x 10 -6 A), while the right hand side of the pipeline has the minimum induced voltage (35.4130V) and the minimum induced current (3.2285 x 10 -7 A). This is because the left hand side of the pipeline is closer to the tower. By comparing both cases B and C, the voltage induced in case B is higher than case C. This is because the shielding wire on the top of the pipeline will act as the second voltage source due to the electromagnetic field of energized conductors. The second voltage source will generate the electromagnetic field and it will undergo superposition with the electromagnetic field of energized conductors. The maximum induced voltage in the steel of the pipeline is 3.0813V which lower than the maximum acceptable induced voltage in IEEE 80-2000 standard (15V). Thus, it is acceptable. Figures 14 and 15 show the magnetic flux density profile of pipeline in case C under nominal voltage parameter and fault current parameter. Table 9 shows the maximum magnetic flux of coatings and steel in case C. Table 9 , the magnetic flux of coatings is the highest under fault current parameter. This is because the magnetic flux is depend the magnitude of the current. The magnetic flux of steel can be neglected. This proves that it is fully protected by its coatings.
C. Case C
By comparing Tables 6 and 9 , the magnitudes of magnetic flux for case C under nominal voltage parameter is lower than case B under nominal voltage parameter. This same reason with the induced voltage of case C lower than case C due to the superposition between the electromagnetic field of energized conductors and shielding wire on top of the pipeline.
From Figures 2, 7 and 12, the voltage induced is in the range 2.6089V to 4.7723V which are lower than the maximum acceptable level of IEEE 80-2000 standards. From the Figures 2, 8 and 13, the current induced is in the range 3.1893nA to 61.4640nA. The relationship between the distance between the transmission tower and the pipeline and the induced voltage and induced current can conclude as indirectly proportional. By installing shielding wire on the top of the pipeline, the voltage induced will be lower. Hence, installing shielding wire on the top of the pipeline can be one of the mitigation.
IV. CONCLUSION
The effects of electromagnetic field due to the high voltage line and parallel pipeline has been studied by using Maxwell software. It evaluated and analyzed the effects on buried pipelines due to the nearby high voltage transmission lines. The result of induced voltage obtained is in the range of 2.6089V to 4.7723V which within the maximum acceptable value (15V) of IEEE 80-2000 standards. The result of induced current obtained is in the range of 3.1893nA to 61.4640 nA. The EMF effect in term of voltage and current for 275kV monopole transmission tower is obtained. This data can be used to develop a better 275kV monopole transmission tower in order to create a better transmission system.
